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(57) Abstract: The present invention relates to a Cell Division Autoantigen (CDA) and includes polypeptide sequences, gene se- 
00 quences encoding CDA, vectors containing those sequences, and host cells transformed to contain CDA sequences. The invention 
also provides antibodies directed against CDA. The invention also relates to the use of CDA as a therapeutic and diagnostic agent 



1^ 



for the treatment of cell division associated diseases including cancer. In as aspect of the present invention, there is provided a nu- 
cleotide sequences encoding a cell division autoantigen (CDA) said sequence having the nucleotide sequence according to Figure 
1 or SEQ ID NO: 1 or a fragment, functional equivalent, analogue, mutant or variant thereof. The invention specifically provides 
nucleotide and amino acid sequences including SEQ ID NO:l and SEQ ID NO:2 respectively which encode for the CDA molecule. 
The invention also encompasses antisera and antibodies, including cytotoxic antibodies specific for the CDA polypeptide and/or 
CDA-derived polypeptides. The invention further encompasses immunogenic, prophlactic or therapeutic compositions, including 
vaccines, comprising one or more polypeptides. The invention additionally encompassed nucleotide sequences encoding said CDA 
polypeptide or CDA-derived polypeptides, functional equivalents, analogues, mutants, and variants thereof. 
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CELL DIVISION AUTOANTIGEN (CPA) POLYPEPTIDES, GENE 



SEQUENCES AND USES THEREOF 



The present invention relates to a Cell Division Autoantigen (CDA) and includes 
5 polypeptide sequences, gene sequences encoding CDA, vectors containing 
those sequences, and host cells transformed to contain CDA sequences. The 
invention also provides antibodies directed against CDA. The invention also 
relates to the use of CDA as a therapeutic and diagnostic agent for the 
treatment of cell division associated diseases including cancer. 

10 

INTRODUCTION 

Cancer is a general term given to a range of diseases, all of which are the result 
of the uncontrolled division of cells. There are a range of useful chemical 
entities available to clinicians for the treatment of cancer. Such agents include 
15 antimetabolites, DNA binding compounds, alkylating agents and hormones. 
These substances are usually cytotoxic and therefore also adversely affect 
normal cells. 

An alternative approach to arresting uncontrolled cell division in a mammal is to 
20 identify naturally occurring proteins which act specifically to regulate the cell 
cycle. It is known that the cell cycle is a strictly regulated and complicated chain 
of events involving many regulatory proteins and pathways. Enormous 
information exchanges between those proteins and pathways act to maintain a 
balance between normal and uncontrolled cell growth. Identification of proteins 
25 which can act to arrest the growth of S phase cells by preventing the synthesis 
of the DNA necessary for cell division to occur could lead to use of the protein in 
cancer therapy. Polypeptides which are part of cell cycle regulatory pathways 
may be found in the nucleus of rapidly growing cells. 

30 A problem faced in finding such specific proteins is that there are many other 
proteins present in the nucleus of eukaryotic cells, most with no regulatory 
function- 
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Accordingly, it is an aspect of the present invention to overcome or at least 
alleviate some of the problems of the prior art. 

SUMMARY OF THE INVENTION 

5 In an aspect of the present invention, there is provided a nucleotide sequence 
encoding a cell division autoantigen (CDA) said sequence having the nucleotide 
sequence according to Figure 1 or SEQ ID NO:1 or a fragment, functional 
equivalent , analogue, mutant or variant thereof. 

10 In another aspect of the present invention, there is provided a nucleotide 
sequence which encodes a CDA polypeptide or CDA-derived polypeptide 
fragment, functional equivalent, analogue, mutant or variant thereof said 
polypeptide having a sequence according to Figure 1 or SEQ ID NO:2. 

15 The cell division autoantigen (CDA) has been found by the applicants to be a 
nuclear protein that resides primarily in the nucleolus and to a lesser extent in 
the nucleoplasm of the cell. The function of the protein has been linked to cell 
division because of its homology to portion of the Leukaemia-associated protein 
SET which is also involved in cell division control. The CDA has been shown by 

20 the applicants that it may halt cell growth. 

In another aspect of the present invention there is provided an expression 
vector or cloning vector encoding a cell division auto-antigen (CDA) said vector 
including the nucleotide sequence according to Figure 1 or SEQ ID NO:1, or a 
25 fragment, functional equivalent, analogue, mutant or variant thereof. 

The present invention also provides a host cell transformed or transfected with 
an expression vector or cloning vector including a nucleotide sequence 
according to Figure 1 or SEQ ID NO:1 or a fragment, functional equivalent, 
30 analogue, mutant or variant thereof encoding a CDA polypeptide or CDA- 
derived polypeptide, functional equivalent, analogue, mutant, or variant thereof. 

In another aspect of the present invention, there is provided an amino acid 
sequence encoding a cell division auto-antigen and having the amino acid 
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sequence according to Figure 1 or SEQ ID NO:2 or a fragment, functional 
equivalent, analogue, mutant or variant thereof. 

In another aspect of the present invention, there is provided an isolated or 
5 sustantially pure CDA polypeptide encoded by an amino acid sequence or 
nucleotide sequence according to Figure 1 or SEQ ID NO:2 or a fragment, 
functional equivalent, analogue, mutant or variant thereof. 

In another aspect of the present invention there is provided antibodies that 
10 specifically bind CDA polypeptide or CDA-derived polypeptides, fragments, 
functional equivalents, analogues, mutants, and variants thereof. 

The present invention also includes therapeutic or prophylactic vaccines and 
pharmaceutical compositions comprising CDA polypeptide or CDA-derived 
15 polypeptides, fragments, functional equivalents, analogues, mutants, and 
variants thereof, or antibodies to these polypeptides in a pharmaceutical^ 
acceptable carrier. In the vaccines an immunologically effective amount of the 
CDA polypeptide or CDA-derived polypeptides, fragments, functional 
equivalents, analogues, mutants, and variants thereof may be used. 

20 

In another aspect of the present invention provides antagonists to CDA 
poylpeptides. 

Antagonists may act to inhibit activity of the CDA polypeptide generally by 
25 blocking its action on the cells. The antagonist may also prevent 
phosphorylation which appears to be important in the activity of the CDA. 

In yet another aspect of the present invention there is provided a method of 
controlling cell division, said method including subjecting cells to an effective 
30 amount of CDA or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, and variants thereof to control cell division. 



In yet another aspect of the present invention, there is provided a method of 
preventing and treating cancer, said method including providing an effective 
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amount of CDA or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, and variants thereof to a patient in need, said amount 
being effective to halt or slow down cell growth. 

5 In another aspect of the invention there is provided a method of detection of cell 
cycle activity, said method including measuring the presence of CDA 
polypeptide or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, and variants thereof. 

10 In another aspect of the present invention there is provided a method of 
increasing cell division, said method including eliminating expression of CDA 
polypeptide or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, and variants thereof. 

15 In summary, the present invention encompasses the CDA polypeptide and 
CDA-derived polypeptides and methods for making the peptides. The invention 
also encompasses antisera and antibodies, including cytotoxic antibodies 
specific for the CDA polypeptide and/or CDA-derived polypeptides. The 
invention further encompasses immunogenic, prophylactic or therapeutic 

20 compositions, including vaccines, comprising one or more polypeptides. The 
invention additionally encompasses nucleotide sequences encoding said CDA 
polypeptide or CDA-derived polypeptides, functional equivalents, analogues, 
mutants, and variants thereof. 

25 DESCRIPTION OF FIGURES 

Figure 1 shows the nucleotide sequence and the amino acid sequence of CDA. 

Figure 2a and Figure 2b shows nucleic acid and predicted amino acid 
sequences of CDA. The predicted amino acids are represented by single letter 
30 codes with an in-frame stop codon (*). The sequence shows 4 putative nuclear 
targeting motifs (boxed), two putative cdc2 kinase phosphorylation sites 
(shaded) with the candidate phosphorylated residue in bold, and 
poiyadenylation signal sequence (bold and italics) located 15 nucleotides 
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upstream of poly (A) tail. Amino acids in the central and C-terminal tail which 
are homologous to SET are underlined. 



Figure 3 shows immunoblot and immunoreactivity of clone hT4 with the 
5 autoimmune serum p-galactosidase fusion protein with estimated molecular 
weight of 135 kDa (arrow) produced by lambda gt11 clone hT4 (A,gt11 hT4), is 
immunoreactive with the autoimmune serum, but not with the normal human 
serum, p-galactosidase protein (120 kDa) produced by wild type lambda gt11 
(kgt 1 1 WT) is not reactive with the autoimmune serum. 

10 

Figure 4 shows the molecular and structural features of CDA. I, stick diagram 
showing N-terminal proline rich (Pr) domain (aa 4-121), basic domain (aa 180 
- 418), C-terminal acidic domain comprising two acidic regions (aa 420-536 
and 564-675, respectively), 4 putative nuclear targeting motifs (aa 9-15; 187- 

15 203; 404-407 and 411-414) and 2 cdc2 kinase phophorylation sites (Ser20 and 
Thr340). II, Kyte-Doolitle hydrophilicity profile showing that CDA1 is generally 
hydrophilic. Ill, predicted secondary structure showing regions forming a- 
helices (Helix), p-pleated sheet (Sheet) and reverse turns (Turns) using the 
methods of Chou-Fasman (CF) and Robson-Garnier (RG); agreed predictions 

20 between these two methods are presented for a-helices (CFRg Trn). p-Pleated 
sheet (CFRg Sht) and reverse turns (CFRg Trn). IV and V, profiles of acidic (A) 
and basic (B) amino acid residues of CDA1 and human SET respectively. 



Figure 5 shows CDA is phosphorylated in vivo. Overexpressed myc-tagged full 
25 length (A) and N-terminal two thids (B) of CDA1 are metabolically labelled by 
35 S-methionine and immunoprecipitated by anti-myc-tag McAb 9E10, and 
migrate in the SDS-PAGE as apparent molecular weight of 120 kDa (arrow) and 
60 kDa (arrow), respectively. They both are labelled by 32 P in vivo and immuno- 
precipitate any 35 S, nor 32 P labelled proteins. 

30 

Figure 6 shows Northern blots illustrating molecular size of CDA mRNA in 
human testis tissue and HeLa cell lines. RNA blots show a single 2.8 kb mRNA 
band of CDA in HeLa cells and human testis detected by hybridisation with CDA 
cDNA probes labelled with 32 P-dCTP. Approximately 350ng poly A+ RNA of 
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Hela cells and human testis were hybridised respectively with probe 1 (PGR 
fragment from clone hT6 corresponding to nucleotides 1421 - 2280) and probe 
2 and 3 (PGR fragments from clone hTsl-9 corresponding respectively to 
nucleotides 1595 - 2808 and 741 - 1418). 

5 

Figure 7 shows species distribution of CDA. A: Rabbit antiserum raised against 
a bacterial fusion protein of GST and CDA1 C-terminus (GST-hT4) is affinity 
purified by firstly removing anti-GST antibodies followed by a GST-hT4 fusion 
protein affinity column purification. Whole serum (i) contains both anti-GST 

10 (lanes 1) and anti-GST-hT4 fusion protein (lanes 2) antibodies; the flow-through 
fraction of the first GST-column (ii) with anti-GST antibodies removed retains 
the anti-GST-hT4 fusion protein antibodies (iii) are reactive with GST-hT4 fusion 
protien, but not with the purified GST. B: The affinity purified antibodies are 
reactive with CDA1 of approimately 120 kDa in HeLa and HepG2 cells of 

15 human origin, as well as COS cells of monkey. No band around 120 kDa was 
detected by the antibodies from cell lines of dog (MDCK), mouse (thymus 
B6TEA and 133.D7), hamster (CHO and BHK) and chicken (SSC). 
Approximately 30 jug/lane total protein extract was loaded, and the blot was re- 
blotted with anti-alpha tubuline monoclonal antibody to show equal loading of 

20 each lane. 



Figure 8A and 8B (1 and 2) shows the effect of various levels of CDA on cell 
growth. A: Approximately 5,000 cells of the stable cell lines with full length and 
N-terminus of CDA were mixed with untransfected HeLa cells as supporter or 

25 feeder cells and cultured with various concentrations of DOX in the medium. 
After 2 days hygromycin was added to kill the feeder HeLa cells. The cells were 
cultured in presence of hygromycin for additional 10 days with the medium 
changed every 4-5 days. The out-grown cell colonies were fixed in dish and 
stained with crystal violet before photograph. The DOX concentrations are: 

30 5.00ng/mL (a); 0.50ng.mL (b); 0.25ng/mL (c); 0.13ng/mL (d); 0.06ng.mL (e) and 
O.OOng/mL (f). B: Approimately 2 x 10 5 cells were seeded in each dish (10cm) 
and cultured in presence of DOX at various concentrations as indicated for 4 
days. Cells were labelled with BrdU for 1 hr and stained with anti-BrdU Ab- 
FITC conjugate and propidium iodide. The dot plot shows the DNA 
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synthesizing cells content equivalent to S phase cells but are not synthesizing 
DNA are measured and shown (R4). The viability of the cells determined by 
Trypan blue eclusion assay is also shown (Viable). The histogram shows the 
number of cells (counts) against the DNA contents (FL2-A). B1 shows the 
5 results for full length CDA and B2 shows results for N-terminus CDA. 

Figure 9A and 9B show effect of CDA overexpression on cell growth. A: Equal 
number of cells (4 x 10 4 ) were seeded in 6 well plates and cultured with DOX in 
the medium overnight. To switch the transgene on, the DOX was removed by 
replacing the medium and the cells were cultured for 1-5 days. Cells were fixed 
and stained with 0.1% crystal violet daily. The cell associated dye was then 
extracted in 10% acetic acid, and the OD (495nm) was measured and plotted 
against the days. Full length CDA cell line is represented by the faint bar, while 
the N-terminus cell line by the solid bar. B: Approximately 2 x 10 5 cells were 
seed in each 10mm dish, and cultured without DOX to switch on the transgene 
for 5 days. Cells were labelled with BrdU and harvested daily for FACS scan. 
The dot plot shows the DNA synthesizing cells incorporating BrdU (FL1 H) and 
the DNA contents (FL2-A). Percentage of the cells that have DNA content 
equivalent to S phase cells but are not synthesizing DNA are measured and 
shown (R4). The viability of the cells determined by Trypan blue exclusion 
assay is also shown (Viable). The histogram shows the number of cells 
(counts) against the DNA contents (FL2-A). B1 shows the results for full 
lengths CDA and B2 shows eresults for N-terminus CDA. 

25 Figure 10 shows the inhibitory effect of CDA on cell growth is disabled by point 
mutations that abolish the potential cdc2 kinase phosphorylation sites. 
Approximately 4 x 10 6 tTa HeLa cells were transient transfected with 15 \xg 
pTRE construct containing either wild type CDA (Wt) or a double mutant (DM) 
CDA that has 2 point mutations (S20A and T340A). The transfected cells were 

30 cultured for 48 hrs in presence (D+) or absence (D-) of DOX before FACS 
analysis. The dot plots show the DNA synthesizing cells incorporating BrdU 
(FL1 H) and the DNA contents (FL2-A). The cells in region 3 (R3) are 
Synthesizing DNA and have BrdU incorporated. Cells in regions 2, 4 and 5 (R2, 
R4 and R5) are not synthesizing DNA and have no BrdU incorporated. DNA 



10 



15 



20 
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contents indicate that the R2 cells have one set of chromosomal DNA and in the 
stage of G0/G1. R4 cells have double amount of DNA compared to R2, 
indicating that they are in G2/M phase. R5 cells have DNA content equivalent 
to S phase cells but not synthesizing DNA, indicating that they are arrested at S 
5 phase. The percentage of the cells at each of those status are shown. Note: 
increased number of R5 cells are seen in Wt D- cells, but not in the mutant 
transfected cells (DM D~). 

Figure 11 shows BrdU incorporation and DNA content in HeLa cells transfected 
10 with CDA1-DM (double mutant). Cells (2 x 10 5 cells per 8 cm dish) of the stable 
cell line 2C6D3 expressing Myc-tagged CDA1-DM were cultured for 5 days with 
doxycycline to keep the transgene turned off (Off) or without doxycycline to turn 
the transgene on (On). On days 4 and 5, cells were analyzed by flow cytometry 
for DNA content and BrdU incorporation (Figure 11 A) and expression level of 
15 myc-tagged CDA1-DM by immunoblotting using anti-myc McAb (Figure 11B). 
Blots were reprobed with anti-a tubulin McAb to show equal loading of proteins 
per lane (Figure 1 1 C). 

Figure 12 shows interacting proteins of CDA1 in HeLa Cells. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

In an aspect of the present invention, there is provided a nucleotide sequence 
encoding a cell division autoantigen (CDA) said sequence having the nucleotide 
sequence according to Figure 1 or SEQ ID NO:1 or a fragment, functional 
25 equivalent , analogue, mutant or variant thereof. 

In another aspect of the present invention, there is provided a nucleotide 
sequence which encodes a CDA polypeptide or CDA-derived polypeptide 
fragment, functional equivalent, analogue, mutant or variant thereof said 
30 polypeptide having a sequence according to Figure 1 or SEQ ID NO:2. 

The cell division autoantigen (CDA) has been found by the applicants to be a 
nuclear protein that resides primarily in the nucleolus and to a lesser extent in 
the nucleoplasm of the cell. The function of the protein has been linked to cell 
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division because of its homology to portion of the Leukaemia-associated protein 
SET which is also involved in cell division control. The CDA has been shown by 
the applicants that it may halt cell growth. 

5 The term "functional equivalent, analogue, mutant, or variant thereof as used 
herein means a sequence which functions in a similar way but may have 
deletions, additions or substitutions that do not substantially change the activity 
or function of the sequence. 

10 The term "fragments" relates to a portion of an amino acid or nucleic acid 
sequence that is less than that of full length but is capable of hybridising to a full 
length nucleotide or amino acid sequence capable of encoding an amino acid 
sequence of CDA which is a portion of the full length sequence of CDA. 

15 Throughout this specification the word "comprise" and variations of the word, 
such as "comprising" and "comprises", is not intended to exclude other 
additives, components, integers or steps. 

Where these terms relate to protein, the changes do not substantially change 
20 the activity of the protein. Where it relates to a changed nucleic acid molecule, 
the change does not result in a change in the reading frame of a protein coding 
region and preferably encodes a protein having no change, or only a minor 
reduction in biological function. 

25 Due to the degeneracy of the genetic code, other nucleic acid sequences which 
encode the same or functionally equivalent amino acid sequence are included 
within the scope of the current invention. Such alterations of the nucleotide 
sequence may include substitutions of different nucleotides resulting in the 
same or a functionally equivalent gene product. Also included within the scope 

30 of this invention are nucleic acid sequences having deletions and/or additions 
and which result in a functionally equivalent gene product. In addition the gene 
product may include deletions, additions or substitutions of amino acid residues 
within the sequence which result in changes that still produce a functionally 
active product. 
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The nucleotide sequence of Figure 1 or SEQ ID NO:1 is preferably the full 
length cDNA sequence of CDA which is approximately 2.8kb long. However, 
fragments, functional equivalents, analogues, mutants, or variants are also 
5 included in the scope of the invention. The full length CDA nucleotide sequence 
may include a reading frame that encodes 693 amino acids, preferably from 
nucleotides 204 to 2284 as represented in Figure 1 or SEQ ID NO:1. The 
mRNA for CDA preferably has an open reading frame of 2079 bp, encoding the 
predicted polypeptide of 693 amino acids with an apparent molecular weight of 
10 120 kilodaltons and an acidic pi of 4.26. 

The CDA nucleotide sequence may include nuclear targeting motifs and/or cdc2 
kinase phosphorylation sites as indicated in Figure 2a and 2b- The nuclear 
targeting motifs aa 9-15 are encoded by nt 153-173; aa 187-203 are encoded 
15 by nt 687-737; aa 404-407 are encoded by nt 1338-1349 and aa 411-414 are 
encoded by nt 1359-1370. The cdc2 kinase phoshophorylation sites Ser20 are 
encoded by nt 186-188 and Thr340 is encoded by nt 1146-. 

The present invention also includes fragments of the full length DNA sequence 
20 of CDA. The fragments may encode parts of the CDA molecule. The 
fragments will be derived from the nucleotide sequence of the CDA and will be 
capable of hybridising to the nucleotide sequence of CDA as represented by 
Figure 1 or SEQ ID NO:1. 

25 The invention also includes DNA molecules including full length and fragments, 
functional equivalents, analogues mutants, or variants of the full length that 
hybridise to the nucleotide sequence of CDA according to Figure 1 or SEQ ID 
NO:1 or a portion thereof. Hybridisation may be carried out using methods 
known in the art. For example, hybridisation using the DNA fragments as 

30 probes may be carried out in 2xSSC, 1 .0% SDS at 50°C and washed using the 
same conditions. 

The full length DNA sequence, functional equivalents, analogues mutants, or 
variants of the CDA or fragments of the CDA may be synthesised using 
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methods known in the art or generated via genomic or cDNA libraries once 
having a source of CDA, DNA or protein. In preparing fragments of the CDA 
nucleotide sequence, the DNA may be cleaved at various restriction sites using 
restriction enzymes. Other methods known in the art may be used to generate 
5 the fragments. 

Preferably the fragments of DNA are overlapping fragments of DNA and are 
designated as clones hT4 and hT6. These clones were detected and isolated 
from human testis cDNA lambda gt11 expression libraries. 

10 

The open reading frame of hT4 and hT6 respectively enoded the C-terminal 142 
and 262 amino acids of CDA hT4 starts from the nucleic acid codon for the 
amino acid 552 (aa552) and hT6 starts from the nucleic acid codon for the 
amino acid 432 (aa 432) according to Figure 1 or SEQ ID NO:1. 

15 

The products of the clones were further immunologically reactive with the 
autoimmune serum from the particular discoid lupus erythematosis (DLE) 
patients. Figure 3 shows an example that the auto-antibodies react with the (3- 
galactosidase-hT4 fusion protein produced in the recombinant lambda gt11 
20 clone (Xgt11 ht4), but not the pgalactosidase itself in the lambda g11 wild type 
clone(Xgt1 1 WT), while the normal human serum is not reactive to either of the 
proteins. The nucleic acid sequences of these clones show that they are 
overlapping clones with identical sequences at the 3' end both containing a poly 
(A) tail. The clone hT6 is 360 bp longer than hT4. 

25 

The DNA of the CDA may be obtained from any biological source including 
sera, cells or tissue. Preferably the sera contains auto-antibodies to self 
proteins (autoantigens). The cell lines preferably have increased cell division. 
The cells may be cancer cells including HeLa cells or Hep G2 or COS cells from 
30 the African Green Monkey. 

In another aspect of the present invention there is provided an expression 
vector or cloning vector encoding a cell division auto-antigen (CDA) said vector 
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including the nucleotide sequence according to Figure 1 or SEQ ID NO:1, or a 
fragment, functional equivalent, analogue, mutant or variant thereof. 



The DNA containing the full length or fragment, functional equivalent, analogue, 
5 mutant or variant thereof of CDA coding sequence may be inserted into an 
expression vector or cloning vector. A large number of vector-host systems 
known in the art may be used. Possible vectors include, but are not limited to 
plasmids or modified viruses, but the vector system must be compatible with the 
host cell used. Such vectors include, but are not limited to, bacteriophages 

10 such as lambda derivatives, or plasmids such as pBR322 or pUC plasmid 
derivatives. The insertion into a cloning vector can, for example be 
accomplished by ligating the DNA fragment into the cloning vector or the 
expression vector which has complimentary cohesive termini. However, if the 
complementary restriction sites used to fragment the DNA are not present in the 

15 vector, the ends of the DNA molecules may be enzymatically modified. 
Alternatively, any site desired may be produced by ligating nucleotide 
sequences (linkers) into the DNA termini; these ligated linkers may comprise 
specific chemically synthesised oligonucleotides encoding restriction 
endonuclease restriction sequences. In an alternative method, the cleaved 

20 DNA may be modified by homopolymeric tailing. 



The nucleotide sequence ligated into the expression vector may be the full 
length DNA according to the Figure 1 or SEQ ID NO:1, a fragment, functional 
equivalent, analogue, mutant or variant thereof. The variant may be generated 
25 by any of the methods described above and ligated into the vector by methods 
available to the skilled addressee. 



The present invention also provides a host cell transformed or transfected with 
an expression vector or cloning vector including a nucleotide sequence 
30 according to Figure 1 or SEQ ID NO:1 or a fragment, functional equivalent, 
analogue, mutant or variant thereof encoding a CDA polypeptide or CDA- 
derived polypeptide, functional equivalent, analogue, mutant, or variant thereof. 
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Recombinant molecules can be introduced into host cells via transformation, 
transfection, infection, electroporation, etc., so that many copies of the gene 
sequence are generated. 

5 Once a particular recombinant DNA molecule is identified and isolated, several 
methods known in the art may be used to propagate it. Once a suitable host 
system and growth conditions are established, recombinant expression vectors 
or cloning vectors can be propagated and prepared in quantity. 

10 Suitable host systems to express the nucleotide sequence may include, but are 
not limited to, mammalian cell systems infected with virus (e.g. vaccinia virus, 
adenovirus, etc.); insect cell systems infected with virus (e.g. baculovirus): 
microorganisms such as yeast vectors, or bacteria transformed with 
bacteriophage DNA, plasmid DNA, or cosmid DNA. Preferably, the bacterium is 

15 E.coli, B. Subtilis or Salmonella. 

In another aspect of the present invention, there is provided an amino acid 
sequence encoding a cell division auto-antigen and having the amino acid 
sequence according to Figure 1 or SEQ ID NO:2 or a fragment, functional 
20 equivalent, analogue, mutant or variant thereof. 

In another aspect of the present invention, there is provided an isolated or 
substantially pure CDA polypeptide encoded by an amino acid sequence (SEQ 
ID NO:2) or nucleotide sequence (SEQ ID NO:1) or according to Figure 1 or a 
25 fragment, functional equivalent, analogue, mutant or variant thereof. 

The polypeptide may comprise 693 amino acids (Figure 1 or SEQ ID NO:2), 
and has an apparent molecular weight of 120 kDa. Amino acid sequence 
analysis shows a multiple domain structure consisting of an N-terminal proline 
30 rich (Pr) domain, a basic domain homologous to a leukaemia associated 
protein, and a N-terminal acidic domain (Figure 4). Four putative nuclear 
localisation signal (NLS) sequences are identified, indicating that CDA1 may 
reside in the cellular nucleus. Two potential phosphorylation sites by p34 cdc2 
kinase may be present, indicating a role for this protein in cell cycle control. 
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The protein may be isolated from natural sources or biological sources including 
sera, cells or tissues or may be recombinantly produced. 

5 Where the polypeptide is from natural sources, it may be isolated from auto- 
immune sera containing auto-antibodies to self proteins including self antibodies 
and self antigens. The autoimmune sera contains autoantigens in free and 
unbound form, that may bind to the cognate self antigen upon contact. 
Preferably the sera is obtained from patients having discoid lupus erythematosis 
10 (DLE). The polypeptide may also be isolated from cells which divide rapidly 
such as cancer cells, preferably HeLa cells. Other cell sources include HepG2 
cell lines or COS cells derived from the African Green Monkey. 

As used herein the term "isolated and substantially pure" means that the 
15 product is significantly free of other biological materials with which it is naturally 
associated. 

The polypeptide of the present invention may be purified using standard protein 
or peptide purification techniques including but are not limited to 
20 electrophoresis, centrifugation, gel filtration, precipitation, dialysis, 
chromatography, affinity chromatography, immunoadsorbent affinity 
chromatography, and gel permeation high performance liquid chromatography, 
isoelectric focussing, and variations and combinations thereof. 

25 The protein may be isolated from recombinant sources and may be generated 
by gene expression systems and host systems as described above. 

Once the polypeptide is expressed standard purification processes may be 
used to isolate and purify the polypeptide as described above. 

30 

The present invention further includes CDA molecules with postranslational 
modifications. Without being limited by theory, studies by the applicants have 
shown that the antiproliferative activity of CDA may be dependant on its 
phosphorylation by the kinase p34 cdc2 . Studies show that point mutations in 
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CDA to regions containing putative phosphorylation signals lead to the abolition 
of activity. Therefore a particular embodiment of the present invention includes 
a CDA molecule which is phorphorylated at one or more amino acid residues. 
Preferably the phosphorylation is a serine residue or a threonine residue. More 
5 preferably the phosphorylation is at Ser20 (aa 20 or S20) or Thr 340 (aa 340 or 
T340) according to Figure 1 or SEQ ID NO:2. 

The phosphorylation status of CDA in vivo has been examined by the 
applicants. Both full length and N-terminus of CDA were expressed in 

10 transfected HeLa cells and metabolically labelled with radioactive isotopes 35 S 
and inorganic 32 P followed by immunoprecipitation using anti-myc tag McAb 
9E10. Both 35 S labelled full length and N-terminus were specifically 
immunoprecipitated and showed molecular weights of approximately 120kDa 
and 60kDa, respectively. These are labelled with inorganic 32 P (Figure 5) 

15 indicating that CDA is phosphorylated in vivo. 

The present invention also includes fusion proteins comprising the CDA protein 
or a fragment thereof and another protein. Preferably the fusion protein is used 
to immunise rabbits and mice to produce antibodies specific to the CDA. 
20 Therefore the other protein may be directed toward improving an immune 
response to CDA. 

Applicants have produced GST fusion proteins with CDA C-terminal fragments 
using cDNA clones hT4 and hT6. The GST fusion proteins were made using an 
25 expression plasmid vector pGEX in E.coli and purified on glutathione resin 
column. The fusion proteins contain GST and CDA (aa 552-693) (GST-hT4) or 
GST and CDA (aa 432-693) (GST-hT6). The amino acid sequence and 
residues are according to Figure 1 or SEQ ID NO:2. 

30 In another aspect of the present invention there is provided antibodies that 
specifically bind CDA polypeptide or CDA-derived polypeptides, fragments, 
functional equivalents, analogues, mutants, and variants thereof. 



WO 02/36768 PCT/AU01/01418 

16 

For the production of such antibodies, isolated or preferably purified 
preparations of CDA or CDA-derived polypeptides, fragments, functional 
equivalents, analogues, mutants, and variants thereof may be used as 
immunogens. The immunogens may be conjugated to a carrier molecule, 
5 preferably a carrier protein. Carrier proteins may be any commonly used in 
immunology including, but not limited to, bovine serum albumin (BSA), chicken 
albumin, keyhole limpet hemocyanin (KLH) and the like. 

Polyclonal and monoclonal antibodies are included in the scope of the present 
10 invention. Immunization regimes for production of both polyclonal and 
monoclonal antibodies are well known in the art. The immunogen may be 
injected by any number of routes including subcutaneous, intravenous, 
intraperitoneal, intradermal, intramuscular, mucosal, or a combination of these. 
The immunogen may be injected in soluble form, aggregate form, attached to a 
15 physical carrier, or mixed with an adjuvant, using methods and materials known 
in the art. The antibodies may be purified by methods known in the art. 

The antibodies of the invention may be used to facilitate isolation and 
purification of the CDA polypeptide or protein. They may also be used as 

20 probes for identifying clones in expression libraries that have inserts encoding 
CDA polypeptide or CDA-derived polypeptides, fragments, functional 
equivalents, analogues, mutants, and variants thereof. Such antibodies would 
have use in the purification of CDA molecules during the production of 
recombinant CDA for example. In a preferred embodiment antibodies are 

25 bound to chromatography resins. Passing a protein mixture through the column 
allows the cognate antigen to adhere. Non-target molecules are flushed 
through the column to leave purified CDA which is then eluted. In another 
embodiment antibodies can be used to purify protein by the process of 
immunoprecipitation. Antibodies can also be used to probe for CDA and closely 

30 related proteins in cDNA expressing libraries and cell extracts. The skilled 
addressee will understand that antibody fragments (such as Fab fragments) will 
also be useful in the context of the present invention. 
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The antibodies, particularly those which are cytotoxic, may also be used in 
passive immunisation to prevent or attenuate rapid cell division, preferably in 
cancer cells. 

5 The present invention also includes therapeutic or prophylactic vaccines and 
pharmaceutical compositions comprising CDA polypeptide or CDA-derived 
polypeptides, fragments, functional equivalents, analogues, mutants, and 
variants thereof, or antibodies to these polypeptides in a pharmaceutically 
acceptable carrier. In the vaccines an immunologically effective amount of the 
10 CDA polypeptide or CDA-derived polypeptides, fragments, functional 
equivalents, analogues, mutants, and variants thereof may be used. 

The term "immunologically effective amount" is used herein to mean an amount 
sufficient to induce an immune response. 

15 

In yet another aspect of the present invention there is provided a method of 
controlling cell division, said method including subjecting cells to an effective 
amount of CDA or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, or variants thereof to reduce cell division. 

20 

The cells may be subjected to CDA or CDA-derived polypeptides, fragments, 
functional equivalents, analogues, mutants, or variants thereof directly or be 
genetically manipulated to express CDA or CDA-derived polypeptides, 
fragments, functional equivalents, analogues, mutants, or variants thereof in the 

25 presence of a stimulatory signal which switches CDA production on and off. 
Alternatively, the cells may be induced to express the de novo CDA which has 
not been introduced by genetic manipulation. Compounds such as doxycyclin 
may be used to selectively switch CDA expression on and off to over- or under- 
express the gene. Increased CDA levels may inhibit outgrowth of cell colonies 

30 and hence inhibit cell growth. 



Preferably for its inhibitory function in cell growth, the CDA is encoded by a full 
length CDA nucleotide sequence or at least, the C-terminus of CDA. 
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Where CDA is used directly, the protein may be isolated and purified from 
sources described above or may be recombinantly produced, also as described 
above. 



5 The cell division may be controlled by modulating expression and/or activity of 
CDA or of CDA-derived polypeptides to change the amount of CDA exposed to 
a cell. By the term "modulating expression and/or activity of CDA" as used 
herein means modifying or altering the expression and/or activity of CDA 
compared to unmodified levels. Modulating expression may include increasing 
10 or inducing the expression and/or activity or reducing the expression and/or 
activity. 

"Activity" as used herein relates to a function of a CDA in a cell, and includes 
the ability CDA to bind to chaperone, or upstream or downstream effector 
15 molecules thereby activating or repressing upstream or downstream pathways 
which affect cell division. 



Modulation of CDA expression and/or activity in the cell may be achieved using 
antagonists, inhibitors, mimetics or derivatives of the CDA. The terms 

20 "antagonist" or "inhibitor", as used herein, refer to a molecule which, when 
bound to either CDA, blocks or modulates the activity of CDA. Antagonists and 
inhibitors may include proteins, nucleic acids, carbohydrates, antibodies or any 
other molecules including ligands which bind to CDA. Proteins may include 
enzymes which can break down CDA and therefore affect the level of CDA 

25 exposed on the cell. Other modulators of the activity and/or expression of CDA 
include a range of rationally-designed, synthetic inhibitors. 

Modulation of CDA expression and/or activity may be achieved by direct or 
indirect methods. Modulation of expression and/or activity of CDA may be 
30 achieved using direct methods known to those of skill in the art and include, but 
are not limited to, knockout technology, antisense technology, triple helix 
technology, targeted mutation, gene therapy, regulation by agents acting on 
transcription. Indirect methods for modulating expression and/or activity of CDA 
may include targeting upstream or downstream regulators such as cytokines. 
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In another aspect of the present invention provides antagonists to CDA 
polypeptides. 

5 Antagonists may act to inhibit activity of the CDA polypeptide generally by 
blocking its action on the cells. The antagonist may also prevent 
phosphorylation which appears to be important in the activity of the CDA. 

Antagonists may include antibodies or small peptides directed to the CDA 
10 polypeptide or a binding site of the CDA. They may also include mutants or 
derivatives if CDA which may not act in the manner of CDA but be substantially 
the same as CDA in physical make-up. Competition experiments may help to 
identify suitable CDA antagonists. These tests are generally known to the 
skilled addressee. 

15 

In yet another aspect of the present invention, there is provided a method of 
preventing and treating cancer, said method including providing an effective 
amount of CDA or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, or variants thereof to a patient in need, said amount being 
20 effective to halt or slow down cell growth. 

Functional studies by the applicants show that increased levels of CDA in a 
cervical cancer cell line, HeLa, result in cell growth halt. This property of CDA 
demonstrates its potential to be exploited in cancer control and treatment. 
25 Delivery of the CDA to the cancer may be facilitated by introduction of carriers 
directed to the cancer. This may also be achieved by creating fusion proteins of 
CDA protein and a cancer specific carrier to direct the CDA to the cancer cell. 

In another aspect of the invention there is provided a method of detection of cell 
30 cycle activity, said method including measuring the presence of CDA 
polypeptide or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, and variants thereof. 
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CDA is implicated in cell division control. Over expression of the protein may 
halt cell division. Accordingly, increased cell cycle activity may be measured by 
an increase in CDA levels. This may be measured directly by measuring the 
CDA using antibodies, as hereinbefore described, or it may be measured by 
5 measuring indirect parameters such as mRNA levels and identifying an 
increased transcription of CDA protein. 

In another aspect there is provided a method of diagnosing cancer, said method 
including determining a change in levels of CDA polypeptide or CDA-derived 

10 polypeptides, fragments, functional equivalents, analogues, mutants, and 
variants thereof in a cell. The change may be an increase or decrease of CDA 
levels or CDA derived polypeptides in the cell relative to CDA levels in non- 
cancerous cells or resting cells. Applicants have shown that CDA levels 
increase in rapidly dividing cancer cells compared to resting cancer cells or 

15 normal cells and hence may be used as a cancer marker. 

The change in the CDA levels may be a measure of a change in expression of 
CDA or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants or variants thereof or it may be measured directly as an 
20 increase in the amounts of the polypeptide present. Any direct or indirect 
measurement protocol may be used including the measurement of antibodies to 
CDA, or bending proteins which bind to CDA. 

The cells may be extracted from the patient either as tissue samples or cell 
25 cultures may be prepared from the samples. The change in CDA levels may be 
compared against normal or resting cells, or the change may be measured 
within the sample as a progressive measurement taken whilst the cells continue 
to divide. 

30 In another aspect of the present invention there is provided a method of 
increasing cell division, said method including eliminating expression of CDA 
polypeptide or CDA-derived polypeptides, fragments, functional equivalents, 
analogues, mutants, and variants thereof. 
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The elimination may involve the use of cytotoxic antibodies directed at CDA. 
The antibodies may be as described above. 

The present invention will now be more fully described with reference to the 
5 accompanying examples and figures. It should be understood, however, that 
the description following is illustrative only and should not be taken in any way 
as a restriction of the generality of the invention described. 

EXAMPLES 

10 Example 1 : Identification of full-length CDA cDNA and mRNA 

A commercial human testis lambda gt1 1 cDNA library was screened using DLE 
autoimmune serum. Two overlapping cDNA fragments of CDA (designated hT4 
and hT6) were detected. The products of these clones were further confirmed 
to be immunologically reactive with the autoimmune serum. The nucleic acid 
15 sequences of these clones show that they are overlapping clones with identical 
sequences at the 3' end both containing a poiy(A) tail. Based on sequence 
information from the two clones, a full length clone, hTsl-9, from a testis sub- 
library was identified. The full length cDNA was found to be 2.8 kb long (Figure 
1 orSEQ ID NO:1). 

20 

The nucleotide sequence of Figure 1 shows the full length cDNA sequence of 
CDA which is approximately 2.8kb long. The full length CDA nucleotide 
sequence may include a reading frame that encodes 693 amino acids, 
preferably from nucleotides 204 to 2284 as represented in Figure 1 or SEQ ID 
25 NO:1. The mRNA for CDA has an open reading frame of 2079 bp, encoding 
predicted polypeptide of 693 amino acids with an apparent molecular weight of 
120 kilodaltons and an acidic pi of 4.26. Northern hyridisation on mRNA of 
HeLa cells and human testis is shown in Figure 6. 

30 Example 2: Determination of molecular weight of CPA. 

GST fusion proteins were made with CDA C-terminal fragments using cDNA 
clones hT4 and hT6. The proteins were used to immunise rabbits and mice. All 
animals produced a protein which was reactive with a 120 kDa protein present 
in a HeLa cell extract. Using two affinity columns to purify the rabbit antibodies 
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specific to hT4 encoded protein, probing extracts of HeLa, HepG2 and COS 
cells revealed a 120 kDa protein (Figure 7). In addition, the epressed protein of 
the CDA1 open reading frame also showed a 120 kDa molecular weight 
detected by immunoblotting and immunoprecipitation which is shown in the 
5 phosphorylation experiment (Figure 5). 

Example 3: Transfection of HeLa cells with CPA - Cell cycle effects 

Tet-off expression system has been used to establish stable HeLa cell lines 
over-expressing either full-length or N-terminus CDA. The transgenes could be 

10 switched on or off by varying the levels of doxycyclin (Dox) in the medium. 
Approximately 5000 cells were seeded in 10mm cell culture dishes and cultured 
with varying concentrations of Dox (5, 0.5, 0.13, 0.06, and 0 ng/mL). After 
culturing for two weeks, cells were fixed and stained with crystal violet. It was 
found that cell colony number decreases with lower Dox concentrations (ie 

15 transgene switched on) see Figure 8A. This anti-replicative effect was only 
noted for full-length CDA, and not for the N-terminus only. 

As the decreased DOX concentrations result in increased expression levels of 
CDA transgene, this means that increased CDA level inhibits the out-growth of 
20 the cell colonies, hence inhibits the cell growth. 

Overexpression of N-terminal truncated form of CDA does not show such 
inhibitory effect on cell growth indicating the requirement if full length or at least 
the C-terminus of CDA for its inhibitory function in cell growth. 

25 

This dose dependent manner of cell growth inhibition is further investigated by 
FACS analysis and cell viability studies. Equal numbers of cells were seeded in 
each well and cultured for 5 days with selected DOX concentrations in the 
media. Figure 8B shows that when the full length CDA transgene is fully turned 
30 on (0.00 ng/ml DOX), all the S phase cells stop DNA synthesising, and fall from 
R3 to R4, indicating that those cells are arrested. The non-DNA synthesising S 
phase cells are minimum when the transgene is fully turned off with 5 ng/ml 
DOX, and increases with decreased DOX concentrations (0.25 ng/ml and 0.03 
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ng/ml), confirming the dose dependent manner of the effect. Again, this effect 
was not observed with the N-terminus truncated form of CDA. 

Trypan exclusion assays show that the cells that are arrested, the cells are 
5 dead. However, the cells with DOX are completely arrested, but over 90% of 
those cells were still viable meaning a majority of the cells were arrested but not 
dead. 

An experiment of time course expression of CDA shows that the inhibition of 
10 increased level of CDA on cell growth takes place 48 hours after the transgene 
is switched on, and the cells completely stop growing after 72 hours. Figure 9A 
shows that HeLa cells slow down the growth by cell number measurement 2 
days after the full length CDA transgene is turned on compared to the N- 
terminus. After 3 days and on, the full length cells stop the cell number 
15 increasing, while the N-terminus cells are rapidly growing. This confirms the 
inhibitory effects of CDA on cell growth, and also indicates the requirement of 
full length or at least the C-terminus to function as an inhibitory protein.. 

Flow cytometry analysis starts to detect cell cycle arrest on day 3 (Figure 9B). 

20 The dot blot shows that S phase cells (R3) are falling down, meaning decreased 
BrdU incorporation rate. On days 4 and 5, the S phase cells have completely 
dropped out of R3, meaning that the DNA synthesis fully stops. This event is 
not observed with the N-terminus cells and is consistent with the findings in the 
cell growth assay. Trypan blue assays show again, that over 90% of those cells 

25 are still viable, meaning that they are arrested rather than dead. 

In summary, increased levels of CDA results in cell arrest in all the cell cycle 
stages. 

30 Example ^Phosphorylation of CDA 

CDA contains at least two motifs that are potentially phosphorylated by p34 cdc2 
kinase. A mutant CDA was made to have these two potential sites abolished by 
point mutagenesis. As wild type CDA has the ability to stop the whole cell cycle 
progression, this mutant fails to show such effect on the cell growth (Figure 10) 
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indicating that it is essential to phosphorylate CDA, possibly by p34 cdc2 kinase, 
to carry out its inhibitory functions in the ceil. In addition to the regulation of the 
CDA levels in various cell cycles, phosphorylation status of CDA is critical, 
which is possibly regulated by cell cycle kinase, and hence dependent on the 
5 cell cycle stages. 



Example 5: BrdU incorporation and DNA content in HeLa cells transfected 
with CDA1-DM (double mutant). 

Cells (2 x 10 5 cells per 8 cm dish) of the stable cell line 2C6D3 expressing Myc- 

10 tagged CDA1-DM were cultured for 5 days with doxycycline to keep the 
transgene turned off (Off) or without doxycycline to turn the transgene on (On). 
On days 4 and 5, cells were analyzed by flow cytometry for DNA content and 
BrdU incorporation (Figure 11A) and expression level of myc-tagged CDA1-DM 
by immunoblotting using anti-myc McAb (Figure11B). Blots were reprobed with 

15 anti-a tubulin McAb to show equal loading of proteins per lane. (Figure 11C): 
On day 4, cells were harvested for RT-PCR to confirm presence of mutations in 
transcripts of expressed myc-tagged CDA1-DM transgene. Diagram shows 
primers for reverse transcription (P-RT) and subsequent PCR. Vector primer (P- 
Vect) of pTRE (5' -TTTGACCTCCATAGAAGACA- 3') and reverse CDA1 primer 

20 P3 (5' -G AG CGTG AAGTATG CG CG G- 3') were used to amplify the fragment 
containing S20A mutation, CDA1 primers, P2 (5' - 

CCGCTACTTGACCAATCTGC- 3') and PI (5' 

C ACTCTC ATTGTTGTC AGTG GT- 3') were used to amplify the fragment 
containing the T340A mutation. RT-PCR or PCR products derived from (1) cells 

25 with transgene turned off, (2) cells with transgene turned on, (3) wild type CDA1 
plasmid and (4) mutant CDA1-DM plasmid. V - 4': Nar\ Digestion of 
corresponding PCR products. Lamda DNA BstEW digested molecular weight 
markers used for 1.8% agarose gel electrophoresis. 



30 Example 6: Interacting Proteins of CDA1 in HeLa Cells. 

Hela cell total lysate was separated by SDS-PAGE (top panel: 7.5% gel; bottom 
panel: 12% gel) and transferred to nitrocellulose membrane. On the blot, an 
overlay of purified GST fusion protein of CDA1 C-terminus (GST-CDA1-hT4) or 
GST protein as a control (GST) was incubated at room temperature for 1 hrs. 
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After wash, the bound GST-CDA1 fusion protein and GST protein were 
detected using a rabbit anti-GST-hT4 serum. At least 8 HeLa proteins (indicated 
by arrows in Figure 12) with molecular weights of approximately 15, 30, 53, 60, 
70, 90, 100 and 200 kDa were shown to specifically bind to CDA1 C-terminus, 
5 which were not shown to bind to GST control protein. Although the identities of 
these interacting proteins are yet to be known, this finding suggests that CDA1 
interacts with multiple proteins that may be involved in a broad range of cellular 
regulatory pathways related to cell cycle, and perhaps cell proliferation of 
cancerous cells. 

10 

The significance of Figure 12 is that identification of the identities of these 
proteins interacting with CDA1 may reveal 1). mechanisms how CDA1 acts as a 
cell proliferation inhibitor; 2). reveal some, perhaps novel and cancer unique, 
proteins/pathways that are involved in cell proliferation regulation. Drugs can be 
15 designed to mimic CDA1 actions and interactions with those proteins/pathways 
for use in cancer treatment 

Finally it is to be understood that various other modifications and/or alterations 
may be made without departing from the spirit of the present invention as 
20 outlined herein. 
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1. A nucleotide sequence encoding a cell division autoantigen (CDA) said 
sequence: 

5 having the nucleotide sequence according to Figure 1 or SEQ ID NO:l or 

a fragment, functional equivalent , analogue, mutant or variant thereof; or 

having a sequence capable of hybridizing to the nucleotide sequence of 
CDA according to Figure 1 or SEQ ID NO:1 or a fragment, functional equivalent, 
analogue, mutant or variant thereof; or 
10 having a sequence which is complementary to a sequence according to 

Figure 1 or SEQ. ID NO:1 or a fragment, functional equivalent , analogue, 
mutant or variant thereof. 

2. A nucleotide sequence which encodes a CDA polypeptide or CDA- 
15 derived polypeptide fragment, functional equivalent, analogue, mutant or variant 

thereof said polypeptide having a polypeptide sequence according to Figure 1 
or SEQ ID NO:2. or a fragment, functional equivalent , analogue, mutant or 
variant thereof 

20 3. A nucleotide sequence according to claim 1 or 2 including a reading 
frame encoded by nucleotides 204 to 2284 as represented in Figure 1 or SEQ 
ID NO:1 or a fragment, functional equivalent , analogue, mutant or variant 
thereof 

25 4. A nucleotide sequence according to any one of claims 1 to 3 having 
nuclear targeting motifs according to Figures 2a or 2b wherein the nuclear 
targeting motifs are selected from aa 9-15 encoded by nt 153-173; aa 187-203 
encoded by nt 687-737; aa 404-407 encoded by nt 1338-1349 and aa 411-414 
encoded by nt 1359-1370. 

30 

5. A nucleotide sequence according to any one of claims 1 to 3 having cdc2 
kinase phosphorylate sites according to Figures 2a and 2b wherein the cdc2 
kinase phoshophorylation sites are selected from Ser20 encoded by nt 186-188 
and Thr340 encoded by nt 1 146-. 
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6. A nucleotide sequence encoding a fragment of CDA starting from the 
nucleic acid codon for amino acid 552(aa552) according to Figure 1 or SEQ ID 
NO:1 or a fragment, functional equivalent , analogue, mutant or variant thereof. 

5 

7. A nucleotide sequence encoding a fragment of CDA starting from the 
nucleic acid codon for amino acid 432(aa432) according to Figure 1 or SEQ ID 
NO:1 or a fragment, functional equivalent , analogue, mutant or variant thereof. 

10 8. An expression vector or cloning vector encoding a CDA said vector 
including the nucleotide sequence according to anyone of claims 1 to 7. 

9. An expression vector according to claim 8 wherein the vector is selected 
from the group including bacteriophages such as lambda derivatives, or 

15 plasmids such as pBR322 or pUC plasmid derivatives. 

10. A host cell transformed or transfected with an expression vector or 
cloning vector according to claim 8 or 9. 

20 11. A host cell according to claim 10 derived from a host system selected 
from the group including mammalian cell systems infected with virus; insect cell 
systems infected with virus; or microorganisms including yeast vectors, or 
bacteria transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA. 

25 12. A host cell according to claim 1 1 wherein the bacterium is selected from 
the group including E.coli, B. Subtilis or Salmonella. 

13. An amino acid sequence encoding a CDA and having the amino acid 
sequence according to Figure 1 or SEQ ID NO:2 or a fragment, functional 

30 equivalent, analogue, mutant or variant thereof 

14. An amino acid sequence according to claim 13 wherein the sequence 
starts from amino acid 552. 
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15. An amino acid sequence according to claim 13 wherein the sequence 
starts from amino acid 432. 

16. An isolated or substantially pure CDA polypeptide encoded by a 
5 nucleotide sequence according to anyone of claims 1 to 7. 

17. An isolated or substantially pure CDA polypeptide encoded by an amino 
acid sequence according to anyone of claims 13 to 15. 

10 18. A polypeptide according to claim 16 or 17 having an apparent molecular 
weight of approximately 120kDa. 

19. A polypeptide according to anyone of claims 16 to 18 isolated from sera, 
cells or tissue. 

15 

20. A polypeptide according to claim 19, wherein the sera is obtained from 
patients having discoid lupus erythematosis (DLE). 

21. A polypeptide according to claim 19 or 20 wherein the cells are rapidly 
20 dividing cells selected from the group including HeLa cells, HepG2 cell lines or 

COS cells derived from the African Green Monkey. 

22. A polypeptide according to anyone of claims 16 to 21 which is 
phosphorylated. 

25 

23. A polypeptide according to claim 22 wherein a serine residue or a 
threonine residue is phosphorylated. 

24. A polypeptide according to claim 23 wherein Ser20 (aa 20 or S20) or Thr 
30 340 (aa 340 or T340) according to Figure 1 or SEQ ID NO:2 is phosphorylated. 



25. An antibody that specifically binds CDA polypeptide or CDA-derived 
polypeptides, fragments, functional equivalents, analogues, mutants, and 
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variants thereof, wherein said polypeptide is according to any one of claims 16 
to 24. 

26. A vaccine comprising a CDA polypeptide according to any one of claims 
5 16 to 24. 

27. A method of controlling cell division, said method including subjecting 
cells to an effective amount of a CDA or CDA-derived polypeptide, fragment, 
functional equivalent, analogue, mutant, or variant thereof. 

10 

28. A method according to claim 27 wherein the CDA is according to any one 
of claims 16 to 24. 

29. A method according to claim 27 for reducing cell division, said method 
15 comprising inducing expression and/or activity of CDA or a CDA-derived 

polypeptide, fragment, functional equivalent, analogue, mutant, or variant 
thereof. 

30. A method of controlling cell division, said method including subjecting 
20 cells to an effective amount of an antagonist of CDA or CDA-derived 

polypeptide, fragment, functional equivalent, analogue, mutant, or variant 
thereof. 

31. A method according to claim 30 wherein the antagonist is an antibody or 
25 peptide directed to the CDA polypeptide or binding site of the CDA. 

32. A method according to claim 30 or 31 wherein the antagonist prevents 
phosphorylation of the CDA. 

30 33. A method according to claim 30 for increasing cell division, said method 
including reducing expression and/or activity of a CDA polypeptide or CDA- 
derived polypeptide, fragment, functional equivalent, analogue, mutant, or 
variant thereof. 
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34. A method according to claim 33 wherein the CDA is according to anyone 
of claims 16 to 24. 

35. A method of preventing and treating cancer, said method including 
5 providing an effective amount of a CDA or CDA-derived polypeptide, fragment, 

functional equivalent, analogue, mutant, or variant thereof to a patient in need, 
said effective amount being effective to halt or slow down cell growth. 

36. A method according to claim 35 wherein the CDA is according to anyone 
10 of claims 16 to 24. 

37. A method according to claim 35 or 36 wherein the CDA is provided by 
inducing expression and/or activity of a CDA or CDA-derived polypeptide, 
fragment, functional equivalent, analogue, mutant, or variant thereof in a cell. 

15 

38. A method of detection of cell cycle activity, said method including 
measuring the presence of a CDA polypeptide or CDA-derived polypeptide, 
fragment, functional equivalent, analogue, mutant, or variant thereof. 

20 39. A method according to claim 38 wherein the CDA is according to anyone 
of claims 16 to 24. 

40. A method according to claim 38 or 39 wherein the detection of cell cycle 
activity is a measure of expression of CDA or a CDA-derived polypeptide, 

25 fragment, functional equivalent, analogue, mutant, or variant thereof. 

41. A method of diagnosis of cancer, said method comprising determining a 
change in levels of CDA polypeptide or CDA-derived polypeptide, fragment, 
functional equivalent, analogue, mutant, or variant thereof in a cell. 

30 

42. A method according to claim 41 wherein the change is a measure of 
expression of CDA or a CDA-derived polypeptide, fragment, functional 
equivalent, analogue, mutant, or variant thereof. 
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31 

43. A method according to claim 42 wherein the expression is measured by 
a change in transcription of the CDA polypeptide. 

44. A method according to claim 41 wherein the change is measured by 
5 antibodies to CDA or CDA-derived polypeptide, fragment, functional equivalent, 

analogue, mutant, or variant thereof. 



45. A method according to claim 41 wherein an increase in CDA levels is an 
indication of cancer. 
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1 CGAGGTGGTGAGGAGAGCTGGTTGCGTGAGTCTCCTCAGCTCTGCTTACCGGT 5 3 

54 GCGACTAGCGGCAGCGACGCGGCTAAAAGCGAAGGGGCGAGTGCGAGTCCCCTGAGCTGTACGAACGCGGTCGCC 128 

12 9 ATGGACCGCCC AGATGAGGGGCCTCCGGCCAAGACCCGCCGCCTGAGCAGCTCCGAGTCTCCAC AGCGCGACCCG 2 03 

1 MDRPDEGPPAKTRRLSSSESPQRDP 25 

2 0.4 CCCCCGCCGCCGCCGCCGCCGCCGCTCCTCCGACTGCCGCTGCCTCCACCCCAGCAGCGCCCGAGGCTCCAGGAG 278 
26 PPPPPPPPLLRLPLPPPQQRPRLQE 50 
2 7 9 GAAACGGAGGCGGCACAGGTGCTGGCCGATATGAGGGGGGTGGGACTGGGCCCCGCGCTGCCCCCGCCGCCTCCC 353 
51 ETEAAQVLADMRGVGLGPALPPPPP 75 
354 TATGTCATTCTCGAGGAGGGGGGGATCCGCGCATACTTCACGCTCGGTGCTGAGTGTCCCGGCTGGGATTCTACC 42 8 
76 YVILEEGGIRAYFTLGAECPGWDST 100 
42 9 ATCGAGTCGGGGTATGGGGAGGCGCCCCCGCCCACGGAGAGCCTGGAAGCACTCCCCACTCCTGAGGCCTCGGGG 5 03 
101 IESGYGEAPPPTESIjEAIiPTPEASG 125 
504 GGGAGCCTGGAAATCGATTTTCAGGTTGTACAGTCGAGCAGTTTTGGTGGAGAGGGGGCCCTAGAAACCTGTAGC 5 78 
126 GSLE1DFQVVQSSSFGGEGALETCS 150 
579 GC AGTGGGGTGGGCGCC CC AGAGGTT AGT TGAC CCGAAGAGC AAGGAAGAGGCGAT CAT C AT AGTGGAGGATGAG 653 
151 AVGWAPQRLVDPKSKEEAI I IVEDE 175 
654 GATGAGGATGAGCGGGAGAGTATGAGGAGCAGCAGGAGGCGGCGGCGGCGGCGGAGGAGGAAGCAGAGGAAGGTG 728 
176 DEDERESMRSSRRRRRRRRRKQRKV 200 
72 9 AAGAGGGAAAGCAGAGAGAGAAATGCCGAGAGGATGGAGAGCATCCTGCAGGCACTGGAGGATATTCAGCTGGAT 803 
201 KRESRERNAERMESILQALEDIQLD 225 
8 04 CTGGAGGCAGTGAACATC AAGGCAGGCAAAGCCTTCCTGCGTCTCAAGCGCAAGTTCATCCAGATGCGAAGACCC 878 
226 LEAVNI KAGKAFLRLKRKF I QMRRP 250 
879 TTC CTGGAGCGC AGAG AC CT C AT C ATC C AGC AT AT C CC AGGCTT CTGGGT C AAAGCAT T C CT C AAC C AC C C C AGA 953 
251 FLERRDLI IQHIPGFWVKAFLNHPR 275 
954 ATTT C AAT TT TGAT C AAC CGACGTGATGAAGAC ATTTT C CGCT ACTTGACCAAT C TGC AGGT ACAGGATC T C AGA 102 8 
276 IS I LINRRDED IFRYLTNLQVQDLR 300 
1029 C ATAT CT C C ATGGGC TAC AAAATGAAG CTGT ACTT C C AG ACTAAC C C CT ACT T C AC AAAC ATGGTG ATTGT C AAG 1103 
301 HI SMGYKMKLYFQTNPYFTNMVIVK 325 
1104 GAGTTCCAGCGCAACCGCTCAGGCCGGCTGGTGTCTCACTCAACCCCAATCCGCTGGCACCGGGGCCAGGAACCC 117 8 
326 EFQRNRSGRLVSHSTPIRWHRGQEP 350 
1179 CAGGCCCGTCGTCACGGGAACCAGGATGCGAGCCACAGCTTTTTCAGCTGGTTCTCAAACCATAGCCTCCCAGAG 12 53 
351 QARRHGNQDASHS FFSWFSNHSLPE 375 
1254 GCTGAC AGGATTGCTGAGATTAT CAAGAATGAT CTGTGGGTTAAC C CTCTACGC TACTACCTGAGAGAAAGGGG C 13 2 8 
376 ADRIAE I I KNDLWVNPLRYYLRERG 400 
132 9 TCCAGGATAAAGAGAAAGAAGCAAGAAATGAAGAAACGTAAAACCAGGGGCAGATGTGAGGTGGTGATCATGGAA 14 03 
401 SRI KRKKQEMKKRKTRGRCEVVIME 425 
14 04 GACGC CCC TGACTATTATGCAGTGGAAGACATTT TCAGCGAGAT CTCAGACATTGATGAGACAAT T CATGACAT C 14 78 
426 DAPDYYAVEDI FSEI SDIDETIHDI 450 
147 9 AAGAT C T CTGACT T C ATGGAGAC C ACCGACT AC T TCGAGACC ACTGAC AATGAGAT AACTG AC ATC AATGAGAAC 1553 
451 KI SDFMETTDYFETTDNE ITDINEN 475 
1554 AT CTGCGAC AGCGAGAAT C CTGACC AC AATGAGGTCCC C AAC AACG AGAC C ACTGAT AAC AACGAGAGT GCTG AT 162 8 

.476 ICDSENPDHNEVPNNETTDNNESAD 500 

1629 GAC C ACGAAAC C AC TGAC AAC AATGAG AGTG C AGATGAC AAC AACGAGAAT C CTGAAGAC AAT AAC AAG AAC ACT 17 03 

501 DHETTDNNESADDNNENPEDNNKNT 525 

17 04 GATG AC AAC GAAGAGAAC CCT AAC AAC AACGAGAAC ACTT ACGGC AAC AACT T C TTC AAAGGTGGC T T CTGGGG C 177 8 

526 DDNEENPNNNENTYGNNF FKGGFWG 550 

1779 AGCC ATGGC AAC AAC C AGGAC AGC AG CGAC AGTGAC AATGAAG C AGATGAGG CC AGT GATGATGAAGAT AATGAT 1853 

551 SHGNNQDS SDSDNEADEASDDEDND 575 

1854 GGC AAC GAAGGT GAC AATGAGGGC AGTGATGATG ATGGCAATGAAGGTGAC AATGAAGGC AGCG ATGAT GACG AC 192 8 

576 GNEGDNEGSDDDGNEGDNE GSDDDD 600 

192 9 AGAG AC ATTGAGT AC TATGAGAAAGTT ATTGAAGAC TTTGAC AAGGAT C AGGCTGAC TAC G AGG ACGTG ATAG AG 2 0 03 

601 RDIEYYEKVIEDFDKDQADYEDVIE 625 
2 0 04 AT C AT CT C AGACG AAT C AGTGGAAGAAGAGGGC ATTGAGGAAGGCAT C C AGC AAGATGAGGAC AT CTATGAGGAA 207 8 

626 IISDESVEEEGIEEGIQQDEDIYEE 650 

2079 GGAAACT ATGAGGAGGAAGGAAGTGAAGATGT CTGGGAAGAAGGGG AAGATT CGGACGAC T CTGAC CT AGAGG AT 2153 

651 GNYEEEGSEDVWEEGEDSDDSDLED 675 

2154 GTGCTTCAGGTCCCAAACGGTTGGGCCAATCCGGGGAAGAGGGGGAAAACCGGATAAGGGTTTTCCCCTTTGGGG 222 8 

676 VLQVPNGWANPGKRGKTG • 694 
222 9 GATCACCTCTCTGTATCCCCCACCCACTATCCCATTTGCCCTCCTCCTCAGCTAGGGCCACGCGGCCCCACATTG 23 03 
23 04 CACTTCTGGGGGGTGACCGACTTCGTACACGGGTTTAAAGTTTATTTTTATGGTTTAGTC ATTGCAGAGTTCTTA 23 7 8 
23 7 9 TTTTGGGGGGAGGGAAAGGGGGCTAGTCCCCTTCTTTTGGCCCTCCGCCCCCGCAGGCTTCTGTGTGCTGCTAAC 2453 

2454 TGTATTTATTGTGATGCCTTGGTCAGGGCCCCTCTACCCACTTCTCCC AGTCAGTTGTGGCCCCAGCCCCTCTCC 2528 
2 5 29 CTGTGCTGTGTGGAGTGGACACCCTGACCCCCGAAGCGGGGAGGGCCGCTGTGGCCTTCGTCACAGCCGCGCAGT 2603 
2604 CCCATGGAGGCGCTGCTGCCACCTTCCTCTCCCAAGTTCTTTCTCCATCCCTCTCCTCTTCCCGCCGCGCCGCTA 267 8 
2679 GCCCGCCTCGGTGTCTATGCAAGGCCCTTCGCCATTGCGGTATTCTTTGCGGTATTCTTGTCCCCGTCCCCCAGA 2753 
2754 AGGCTCGCCTCTCCCCGTGGACCCTGTTAATCCCAATAAAATTCTGAGCAAGTTCAAAAAAAAAAAAAAAAAAAA 2 82 8 
2829 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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1 CGAGGTGGTGAGGAGAGCTGGTTGCGTGAGTCTCCTCAGCTCTGCTTACCGGT 53 

54 GCGACTAGCGGC AGCGACGCGGCT AAAAGCGAAGGGGCGAGTGCGAGT C C CCTGAGCTGT ACGAACGCGGT CG C C 12 8 
12 9 ATGGAC C GCC C AGATGAGGGGCC TC CGGC C AAGACC CGC CGCCTG AGC AG CT CCGAGTCTC C AC AGCGCGAC CCG 2 03 
1 MDRPDEGE 



K 



s s s wmKmmnHmWmm dp 25 



2 04 CCCCCGCCGCCGCCGCCGCCGCCGCTCCTCCGACTGCCGCTGCCTCCACCCCAGCAGCGCCCGAGGCTCCAGGAG 27 8 

26 PPPPPPPPLLRLPLPPPQQRPRLQE 50 

2 7 9 GAAACGGAGGCGGC ACAGGTGCTGGCCGATATGAGGGGGGTGGGACTGGGCCCCGCGCTGCCCCCGCCGCCTCCC 353 

51 ETEAAQVIiADMRGVGLGPAL PPPPP 75 

354 TATGTCATTCTCGAGGAGGGGGGGATCCGCGCATACTTCACGCTCGGTGCTGAGTGTCCCGGCTGGGATTCTACC 42 8 

76 YVILEEGGIRAYFTLGAECPGWDST 100 

42 9 ATCGAGTCGGGGTATGGGGAGGCGCCCCCGCCCACGGAGAGCCTGGAAGCACTCCCCACTCCTGAGGCCTCGGGG 5 03 

101 IESG 'YGEAPPPTESLEALPTPEASG 125 

504 GGGAG C CTGG AAAT CG AT T TT C AGGTTGTAC AGT CGAGC AGT TTTGGTGGAGAGGGGGC C C TAGAAAC CTGT AGC 578 

126 G S LE IDFQVVQSS SFGGEGALETCS 150 

579 G C AGTGGGGTGGGCGC CC C AGAGGTT AGTTG AC CCGAAGAGC AAGGAAGAGGCGAT C ATC AT AGTGGAGG ATGAG 653 

151 AVGWAPQRLVDPKSKEEAII IVEDE 175 

654 GATGAGGATGAGCGGGAGAGTATGAGGAGCAGCAGGAGGCGGCGGCGGCGGCGGAGGAGGAAGCAGAGGAAGGTG 72 8 

200 



176 DEDERESMRSS 



RRRRRRRRR KQRKV 



72 9 AAGAGGGAAAGC AGAGAG AGAAATG C CGAGAGGATGGAGAGC AT C CTGC AGGC ACTGGAGGATATT C AGCTGGAT 803 
SRERNAERMESILQALEDIQLD 225 



201 



8 04 CTGGAGGC AGT GAAC AT C AAGG C AGG C AAAG C C T T C CTGCGT C T CAAGCGC AAGT TC AT C C AGATG CGAAGAC C C 878 
226 LEAVNI KAGKAFLRLKRKFI QMRRP 250 
879 TTCCTGGAGCGCAGAGACCTCATCATCCAGCATATCCCAGGCTTCTGGGTCAAAGCATTCCTCAACCACCCCAGA 953 
251 FLERRDL II QHIPGFWVKAFLNHPR 275 
954 ATTT C AATTTTGAT C AAC CGACGTGATGAAGAC AT TTTC CGCT ACTTGAC C AAT CTGC AGGT AC AGGATCT C AG A 1028 
276 IS ILINRRDEDIFRYLTNLQVQDLR 300 
102 9 CATATCTCCATGGGCTACAAAATGAAGCTGTACTTCCAGACTAACCCCTACTTCACAAACATGGTGATTGTCAAG 1103 
301 HISMGYKMKLYFQTNPYFTNMVIVK 325 
1104 GAGTTCCAGCGCAACCGCTCAGGCCGGCTGGTGTCTCAC TCAACCCCAATCCGC TGGCACCGGGGCCAGGAACCC 117 8 
326 EFQRNRSGRLVSH [H^^^^Pl^pJ W H R G Q E P 350 
1179 CAGGCCCGTCGTCACGGGAACCAGGATGCGAGCCACAGCTTTTTCAGCTGGTTCTCAAACC ATAGCCTCCCAGAG 1253 
351 QARRHGNQDASHS FFSWFSNHSLPE 375 
1254 GCTGACAGGATTGCTGAGATTATCAAGAATGATCTGTGGGTTAACCCTCTACGCTACTACCTGAGAGAAAGGGGC 1328 
376 ADRIAEIIKNDLWVNPLRYYLRERG 400 
1329 TCCAGGATAAAG AGAAAGAAGCAAGAAATGAAGAAACGTAAAACCAGGGGCAGATGTGAGGTGGTGATCATGGAA 14 03 
401 S R : 



K 



M 



K K 



E V V I M E 425 



14 04 GACGC C C CTGAC TAT T ATGC AGTGGAAGAC ATT TT C AGCGAG AT CT C AGAC ATTGATGAGACAATT C ATGAC AT C 147 8 
426 DAPD YYAVED I FS E I S D I DE T I HD I 450 
147 9 AAGATCTCTGACTTCATGGAGACCACCGACTACTTCGAGACCACTGACAATGAGATAACTGACATCAATGAGAAC 1553 
451 KISDFMETTDYFETTDNEITDINEN 475 
1554 ATCTGCGACAGCGAGAATCCTGACC ACAATGAGGTCCCCAACAACGAGACCACTGATAACAACGAGAGTGCTGAT 162 8 
476 ICDSENPDHNEVPNNETTDNNESAD 500 
1629 GAC C ACGAAAC C AC TG AC AAC AATG AGAGTGCAGATG AC AAC AACG AGAAT C C TGAAGAC AATAAC AAG AAC ACT 17 03 
501 DHETTDNNESADDNNENPEDNNKNT 525 
17 04 GATGAC AACGAAGAGAAC C C TAAC AAC AACG AGAACACTTACGGC AAC AAC TT CT T C AAAGGTGGCTT C TGGGGC 1778 



FIG 2a 



SUBSTITUTE SHEET (RULE 26) 



WO 02/36768 



PCT/AU01/01418 



3/17 

526 DDNEENPNNNENTYGNNFFKGGFWG 550 
177 9 AGCCATGGCAACAACCAGGACAGCAGCGACAGTGACAATGAAGCAGATGAGGCCAGTGATGATGAAGATAATGAT 1853 
551 SHGN-. NQDSSDSDNEADEASDDEDND 575 
1854 GGCAACGAAGGTGACAATGAGGGCAGTGATGATGATGGCAATGAAGGTGACAATGAAGGCAGCGATGATGACGAC 192 8 
576 G N E GDN-EGSDDDGNEGDNEGSDDDD 600 
1929 AGAGACATTGAGTAC TATGAGAAAGT T ATTGAAGAC TTTGAC AAGGATC AGG C TGACTACGAGGACGTGAT AGAG 2 0 03 
601 RD I EYYEKVIEDFDKDQADYEDVIE 625 
2 0 04 AT C AT CT C AGACGAAT C AGTGGAAGAAGAGGGC ATTGAGGAAGGC AT C C AGC AAGATGAGG AC AT C TATGAGGAA 2 0 7 8 
626 IISDESVEEEGIEEGIQQDEDIYEE 650 
2 0 7 9 GG AAACT ATG AGGAGGAAGGAAGTG AAGATGT C TGGGAAGAAGGGGAAG AT TCGGACGACT C TGAC CT AGAGGAT 2153 
651 GNYEEEGSEDVWEEGEDSDDSDLED 675 
2154 GTGCTTCAGGTCCCAAACGGTTGGGCCAATCCGGGGAAGAGGGGGAAAACCGGATAAGGGTTTTCCCCTTTGGGG 222 8 
676 VL QVPNGWANPGKRGKTG • 694 
2229 GATCACCTCTCTGTATCCCCCACCCACTATCCCATTTGCCCTCCTCCTCAGCTAGGGCCACGCGGCCCCACATTG 23 03 
23 04 CACTTCTGGGGGGTGACCGACTTCGTACACGGGTTTAAAGTTTATTTTTATGGTTTAGTC ATTGCAGAGTTCTTA 23 7 8 
23 7 9 TTTTGGGGGGAGGGAAAGGGGGCTAGTCCCCTTCTTTTGGCCCTCCGCCCCCGCAGGCTTCTGTGTGCTGCTAAC 2453 
2454 TGTATTTATTGTGATGCCTTGGTCAGGGCCCCTCTACCCACTTCTCCCAGTCAGTTGTGGCCCCAGCCCCTCTCC 2528 
2529 CTGTGCTGTGTGGAGTGGACACCCTGACCCCCGAAGCGGGGAGGGCCGCTGTGGCCTTCGTCACAGCCGCGCAGT 2 6 03 
2604 CCCATGGAGGCGCTGCTGCCACCTTCCTCTCCCAAGTTCTTTCTCCATCCCTCTCCTCTTCCCGCCGCGCCGCTA 2678 
2 67 9 GCCCGCCTCGGTGTCTATGCAAGGCCCTTCGCCATTGCGGTATTCTTTGCGGTATTCTTGTCCCCGTCCCCCAGA 2753 
2754 AGGCT CGC CTCT C C C CGTGGAC C C TGTTAATC C CAAT AAAAT TC TGAG CAAGT T C AAAAAAAAAAAAAAAAAAAA 2 828 
2829 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2865 
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SEQUENCE LISTING 

<110> Monash University 

<120> Cell Division Autoantigen (CD A) Polypeptides , Gene Sequences 
and Uses Thereof 

<130> Monash 119548 IRN 630051 

<140> PR1213 
<141> 2000-11-03 

<160> 2 

<170> Patentln Ver. 2.0 

<210> 1 

<211> 2867 

<212> DNA 

<213> homo sapien 



V 



WO 02/36768 

<400> 1 

cgaggtggtg aggagagctg 
gcggcagcga cgcggctaaa 
cggtcgccat ggaccgccca 
ccgagtctcc acagcgcgac 
cgctgcctcc accccagcag 
tggccgatat gaggggggtg 
ttctcgagga gggggggatc 
attctaccat cgagtcgggg 
tccccactcc tgaggcctcg 
gcagttttgg tggagagggg 
ggttagttga cccgaagagc 
atgagcggga gagtatgagg 
ggaaggtgaa gagggaaagc 
cactggagga tattcagctg 
tgcgtctcaa gcgcaagttc 
tcatccagca tatcccaggc 
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gttgcgtgag tctcctcagc tctgcttacc ggtgcgacta 6 0 
agcgaagggg cgagtgcgag tcccctgagc tgtacgaacg 12 0 
gatgaggggc ctccggccaa gacccgccgc ctgagcagct 18 0 
ccgcccccgc cgccgccgcc gccgccgctc ctccgactgc 240 
cgcccgaggc tccaggagga aacggaggcg gcacaggtgc 3 00 
ggactgggcc ccgcgctgcc cccgccgcct ccctatgtca 36 0 
cgcgcatact tcacgctcgg tgctgagtgt cccggctggg 42 0 
tatggggagg cgcccccgcc cacggagagc ctggaagcac 480 
ggggggagcc tggaaatcga ttttcaggtt gtacagtcga 540 
gccctagaaa cctgtagcgc agtggggtgg gcgccccaga 60 0 
aaggaagagg cgatcatcat agtggaggat gaggatgagg 66 0 
agcagcagga ggcggcggcg gcggcggagg aggaagcaga 72 0 
agagagagaa atgccgagag gatggagagc atcctgcagg 78 0 
gatctggagg cagtgaacat caaggcaggc aaagccttcc 84 0 
atccagatgc gaagaccctt cctggagcgc agagacctca 90 0 
ttctgggtca aagcattcct caaccacccc agaatttcaa 96 0 
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ttttgatcaa ccgacgtgat gaagacattt tccgctactt gaccaatctg caggtacagg 1020 
atctcagaca tatctccatg ggctacaaaa tgaagctgta cttccagact aacccctact 108 0 
tcacaaacat ggtgattgtc aaggagttcc agcgcaaccg ctcaggccgg ctggfcgtctc 1140 
actcaacccc aatccgctgg caccggggcc aggaacccca ggcccgtcgt cacgggaacc 1200 
aggatgcgag ccacagcttt ttcagctggt tctcaaacca tagcctccca gaggctgaca 1260 
ggattgctga gattatcaag aatgatctgt gggttaaccc tctacgctac tacctgagag 132 0 
aaaggggctc caggataaag agaaagaagc aagaaatgaa gaaacgtaaa accaggggca 1380 
gatgtgaggt ggtgatcatg gaagacgccc ctgactatta tgcagtggaa gacattttca 144 0 
gcgagatctc agacattgat gagacaattc atgacatcaa gatctctgac ttcatggaga 150 0 
ccaccgacta cttcgagacc actgacaatg agataactga catcaatgag aacatctgcg 156 0 
acagcgagaa tcctgaccac aatgaggtcc ccaacaacga gaccactgat aacaacgaga 162 0 
gcgctgatga ccacgaaacc actgacaaca atgagagtgc agatgacaac aacgagaatc 1680 
ctgaagacaa taacaagaac actgatgaca acgaagagaa ccctaacaac aacgagaaca 174 0 
cttacggcaa caacttcttc aaaggtggct tctggggcag ccatggcaac aaccaggaca 18 0 0 
gcagcgacag tgacaatgaa gcagatgagg ccagtgatga tgaagataat gatggcaacg 186 0 
aaggtgacaa tgagggcagt gatgatgatg gcaatgaagg tgacaatgaa ggcagcgatg 192 0 
atgacgacag agacattgag tactatgaga aagttattga agactttgac aaggatcagg 198 0 
ctgactacga ggacgtgata gagatcatct cagacgaatc agtggaagaa gagggcattg 2 04 0 
aggaaggcat ccagcaagat gaggacatct atgaggaagg aaactatgag gaggaaggaa. 2100 
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gtgaagatgt ctgggaagaa ggggaagatt cggacgactc tgacctagag gatgtgcttc 2160 
aggtcccaaa cggttgggcc aatccgggga agagggggaa aaccggataa gggttttccc 222 0 
cttttgggga tcacctctct gtatccccca cccactatcc catttgccct cctcctcagc 22 8 0 
tagggccacg cggccccaca ttgcacttct ggggggtgac cgacttcgta cacgggttta 234 0 
aagtttattt ttatggttta gtcattgcag agttcttatt ttggggggag ggaaaggggg 240 0 
ctagtcccct tcttttggcc ctccgccccc gcaggcttct gtgtgctgct aactgtattt 246 0 
attgtgatgc cttggtcagg gcccctctac ccacttctcc cagtcagttg tggccccagc 2 52 0 
ccctctccct gtgctgtgtg gagtggacac cctgaccccc gaagcgggga gggccgctgt 2580 
ggccttcgtc acagccgcgc agtgcccatg gaggcgctgc tgccaccttc ctctcccaag 2 64 0 
ttctttctcc atccctctcc tcttcccgcc gcgccgctag cccgcctcgg tgtctatgca 2700 
aggccgcttc gccattgcgg tattctttgc ggtattcttg tccccgtccc ccagaaggct 2 760 
cgcctctccc cgtggaccct gttaatccca ataaaattct gagcaagttc aaaaaaaaaa 2820 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa 2867 



<210> 2 

<211> 693 

<212> PRT 

<213> homo sapien 
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<400> 2 

Met Asp Arg Pro Asp Glu Gly Pro Pro Ala Lys Thr Arg Arg Leu Ser 
15 10 15 



Ser Ser Glu Ser Pro Gin Arg Asp Pro Pro Pro Pro Pro Pro Pro Pro 
20 25 30 



Pro Leu Leu Arg Leu Pro Leu Pro Pro Pro Gin Gin Arg Pro Arg Leu 
35 40 45 



Gin Glu Glu Thr Glu Ala Ala Gin Val Leu Ala Asp Met Arg Gly Val 
50 55 60 



Gly Leu Gly Pro Ala Leu Pro Pro Pro Pro Pro Tyr Val He Leu Glu 
65 70 75 80 



Glu Gly Gly He Arg Ala Tyr Phe Thr Leu Gly Ala Glu Cys Pro Gly 
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85 90 95 



Trp Asp Ser Thr lie Glu Ser Gly Tyr Gly Glu Ala Pro Pro Pro Thr 



100 105 110 



Glu Ser Leu Glu Ala Leu Pro Thr Pro Glu Ala Ser Gly Gly Ser Leu 



115 120 125 



Glu He Asp Phe Gin Val Val Gin Ser Ser Ser Phe Gly Gly Glu Gly 



130 135 140 



Ala Leu Glu Thr Cys Ser Ala Val Gly Trp Ala Pro Gin Arg Leu Val 



145 150 155 160 



Asp Pro Lys Ser Lys Glu Glu Ala He He He Val Glu Asp Glu Asp 



165 170 175 



Glu Asp Glu Arg Glu Ser Met Arg Ser Ser Arg Arg Arg Arg Arg Arg 



18 0- 18 5 . 190 
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Arg Arg Arg Lys Gin Arg Lys Val Lys Arg Glu Ser Arg Glu Arg Asn 
195 200 205 

Ala Glu Arg Met Glu Ser lie Leu Gin Ala Leu Glu Asp lie Gin Leu 
210 215 220 

Asp Leu Glu Ala Val Asn He Lys Ala Gly Lys Ala Phe Leu Arg Leu 
225 230 235 240 

Lys Arg Lys Phe He Gin Met Arg Arg Pro Phe Leu Glu Arg Arg Asp 
245 250 255 

Leu He He Gin His He Pro Gly Phe Trp Val Lys Ala Phe Leu Asn 
260 265 270 

His Pro Arg He Ser He Leu He Asn Arg Arg Asp Glu Asp He Phe 
275 280 285 

"7 
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Arg Tyr Leu Thr Asn Leu Gin Val Gin Asp Leu Arg His lie Ser Met 
290 295 300 

Gly Tyr Lys Met Lys Leu Tyr Phe Gin Thr Asn Pro Tyr Phe Thr Asn 
305 310 315 320 

Met Val lie Val Lys Glu Phe Gin Arg Asn Arg Ser Gly Arg Leu Val 
325 330 335 

Ser His Ser Thr Pro lie Arg Trp His Arg Gly Gin Glu Pro Gin Ala 
340 345 350 

Arg Arg His Gly Asn Gin Asp Ala Ser His Ser Phe Phe Ser Trp Phe 
355 360 365 

Ser Asn His Ser Leu Pro Glu Ala Asp Arg lie Ala Glu lie lie Lys 
370 375 380 

8 
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Asn Asp Leu Trp Val Asn Pro Leu Arg Tyr Tyr Leu Arg Glu Arg Gly 

385 390 395 400 

Ser Arg lie Lys Arg Lys Lys Gin Glu Met Lys Lys Arg Lys Thr Arg 

405 410 415 

Gly Arg Cys Glu Val Val lie Met Glu Asp Ala Pro Asp Tyr Tyr Ala 

420 425 430 

Val Glu Asp He Phe Ser Glu He Ser Asp He Asp Glu Thr He His 

435 440 445 

Asp He Lys He Ser Asp Phe Met Glu Thr Thr Asp Tyr Phe Glu Thr 

450 455 460 

Thr Asp Asn Glu He Thr Asp He Asn Glu Asn He Cys Asp Ser Glu 

465 470 475 480 
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Asn Pro Asp His Asn Glu Val Pro Asn Asn Glu Thr Thr Asp Asn Asn 
485 490 495 

Glu Ser Ala Asp Asp His Glu Thr Thr Asp Asn Asn Glu Ser Ala Asp 
500 505 ^ 510 

Asp Asn Asn Glu Asn Pro Glu Asp Asn Asn Lys Asn Thr Asp Asp Asn 
515 520 525 

Glu Glu Asn Pro Asn Asn Asn Glu Asn Thr Tyr Gly Asn Asn Phe Phe 
530 535 540 

Lys Gly Gly Phe Trp Gly Ser His Gly Asn Asn Gin Asp Ser Ser Asp 
545 550 555 560 

Ser Asp Asn Glu Ala Asp Glu Ala Ser Asp Asp Glu Asp Asn Asp Gly 
565 570 575 

to 
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~Asn Glu Gly Asp Asn Glu Gly Ser Asp Asp Asp Gly Asn Glu Gly Asp 
580 585 590 



Asn Glu Gly Ser Asp Asp Asp Asp Arg Asp lie Glu Tyr Tyr Glu Lys 
595 600 605 



Val lie Glu Asp Phe Asp Lys Asp Gin Ala Asp Tyr Glu Asp Val lie 
610 615 620 



Glu lie lie Ser Asp Glu Ser Val Glu Glu Glu Gly lie Glu Glu Gly 
625 630 635 640 



lie Gin Gin Asp Glu Asp lie Tyr Glu Glu Gly Asn Tyr Glu Glu Glu 
645 650 655 



Gly Ser Glu Asp Val Trp Glu Glu Gly Glu Asp Ser Asp Asp Ser Asp 
660 665 670 
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Leu Glu Asp Val Leu Gin Val Pro Asn Gly Trp Ala Asn Pro Gly Lys 



675 680 685 



Arg Gly Lys Thr Gly 
690 
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